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Sudden Death Syndrome (SDS) is a soybean disease that costs American farmers hundreds of millions of 
dollars in yield losses annually. The disease is contracted from the necrotrophic fungus Fusarium 
virguliforme. The fungus does its damage through the work of a complex translocation system. Once in 
direct contact with the roots, the fungus causes the discoloration and rotting of roots, followed by the 
excretion of several phytotoxins which translocate throughout the plant. These toxins result in the 
symptoms associated with SDS, including leave scorch, interveinal chlorosis, and pod abortion (Figure 
1). This study seeks to gain a better understanding of the genetic variation between SDS-susceptible and 
resistant cultivars. Seed inoculation, RNA extraction, gel electrophoresis, RT-PCR, qRT-PCR, and 
NanoDrop Spectrophotometry were performed. Results show differing levels of inoculation between 
infected and controlled cultivars, suggesting genetic distinction between the lines tested. This research 
lays the foundation for further sequencing and analysis of the RNA extracts, potentially contributing to 
the development of an SDS-resistant soybean cultivar. 
Sudden Death Syndrome (SDS) is a devastating disease of soybean (Glycine max) caused by the 
necrotrophic fungus Fusarium virguliforme. SDS holds major economic importance, as it costs farmers 
hundreds of millions of dollars in yield loss annually (Gongora-canul 2010). The disease is contracted 
through a complex system of toxin translocation. Once the soybean roots become into contact with the 
soil-borne F. virguliforme, root discoloration and rot shortly follow. The fungus then excretes a series of 
phytotoxins, which translocate throughout the plant. These toxins result in the physical symptoms 
associated with SDS, including interveinal chlorosis, leaf shriveling, and pod abortion (Westphal et al. 
2008).  Previous research has shown that host plant resistance to this fungus relies a complex network of 
communication through a series of chemical pathways.  This study serves to analyze the genetic variation 
between SDS-susceptible and resistant cultivars based on a knowledge of identified molecular resistance 
mechanisms.
Inoculation-- All cultivars were inoculated with the F. virguliforme fungus. For each of the 5 
cultivars, 15 control plants and 20 infected plants were grown. The planters were stored in a climate-
controlled growth chamber for 2 weeks at 20°C and watered regularly. The inoculation process is 
outlined in Figure 2.
RNA Extraction Preparation--Following the inoculation process, root and leaf samples were taken 
for each sample in preparation for RNA extraction. Three replicates were taken both from the roots 
and leaves of the infected and control cultivars. In order to prepare these samples, roots and leaves 
were cut from the plants, rinsed in deionized water, and patted dry. Samples were stored in folded 
aluminum foil envelopes at -80°C.
RNA Extraction Preparation cont.--Tissue was then ground into a fine powder for extraction. The 
grinding tools were cleaned with RNase Zap (Thermo Fisher Scientific, Waltham, MA) and 100% 
Ethanol and dried with Kimwipes between the grinding of every sample. The tissue was ground with 
the pestle, adding liquid nitrogen continuously to account for its evaporation. Once the tissue had 
been ground to a fine powder, as much of it as possible was scraped from the mortar with the micro-
spoon, dispensed into a 1.5ml tube, and placed in liquid nitrogen. 
RNA Extraction-- The protocol used for RNA extraction consisted of many purification washes 
using such reagents as Trizol, chloroform, 100% ethanol, RW1 Buffer, DNAse, RDD buffer, RNAse 
inhibitors, RPE buffer, and RNase-free water. Special precautions needed to be taken throughout the 
course of the protocol to prevent the degradation of RNA.
Gel Electrophoresis-- Gel electrophoresis was performed in order to test for any degradation that 
may have occurred during the extraction process. 10µl of sample were mixed with 2µl of HiLo 
Ladder/loading dye mix. 7 RNA samples were run for 20 minutes at 150 volts on a 1% agarose gel.
RT-PCR-- Following extraction, Reverse-Transcription Polymerase Chain Reaction (RT-PCR) was 
performed. The reverse transcription of RNA results in the synthesis of complementary DNA 
(cDNA). 
qRT-PCR-- Quantitative Reverse-Transcription Polymerase Chain Reaction qRT-PCR was 
performed in order to assess the differences in infection level between the SDS-susceptible and 
resistant cultivars. 
NanoDrop Spectrophotometry--Concentration and purity levels were assessed for every sample 
using a NanoDrop 1000 spectrophotometer (Thermo Scientific, Wilmington, DE). Concentration and 
260/280 values were recorded for each sample and files of the concentration graphs were saved to 
the computer.    
Gel Electrophoresis-- Results show that there was no degradation to the RNA product during the extraction 
process (Fig 3). 
qRT PCR-- Results show that there was measurable difference in infection levels between the SDS-
susceptible and resistant cultivars. The graph below (Figure 4A) has been created to visually demonstrate 
these differences. Average transcript accumulation from all replicates of each cultivar were used in order to 
compare cultivars as a whole. Resistant cultivars are represented in red, with susceptible cultivars in blue. 
Errors bars show standard error. 
NanoDrop Spectrophotometry-- The concentrations (ng/µl) and 260/280 values were recorded for all 
cultivars on an Excel spreadsheet. Samples 21 and 22 were discarded from the sample collection due to an 
organizational matter, and thusly marked “n/a” in order to preserve the data’s integrity. NanoDrop results 
for the sample Cultivar 061 Infected Root Replicate 1 are shown below (Fig. 4B)
Electrophoresis results (Fig 3) show perfect preservation of RNA product, with no degradation occurring 
during the RNA extraction process. This was a signal that the RNA was of high enough quality with which to 
continue to other parts of the experiment. Also as a quality assurance measure, qRT-PCR results showed 
variation in accumulated transcripts from the F. virguliforme inoculation. This can be interpreted as a 
measure of infection level acquired by all the cultivars. Once values between replicates were averaged and 
error bars created, it was decided that infection level was satisfactory for moving on further with the study. 
Had results shown no difference in infection level, the inoculation process would need to restarted from the 
beginning. Several factors still remain unknown.. However, based on the results that have been acquired thus 
far, the next logical step for this experiment is so perform RNA-Seq Analysis. This will aid in the 
understanding of the underlying genetic variation between resistant and susceptible cultivars. If these 
variations can be successfully manipulated, it could mean the development of a highly SDS-resistant 
soybean. Such an innovation could save the global agricultural system millions, based on yield losses already 
acquired from the disease. 
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SDS-resistant and susceptible cultivars were grown inoculated with F. virguliforme under growth 
chamber conditions. RNA extraction was performed, supplemented by gel electrophoresis to test for 
degradation, as well as NanoDrop spectrophotometry for concentration and purity levels. Rate of 
infection was then assessed using qRT-PCR, which found variation in infection level between 
resistant and susceptible cultivars. The future of this study remains in the RNA-Seq analysis of these 
samples. Insights on the genetic variations between SDS-resistant and susceptible cultivars could lead 
to the development of a highly SDS-resistant soybean. Currently there are no highly-resistant 
cultivars; degrees of resistance follow more of a spectrum as shown in Figure 5. Future research 







Figure 1. Symptoms of SDS.  Left: Blue mold can sometimes be seen on SDS-infected soybean roots. 
Center: Stages of severity in foliar symptoms. Right: Root rot damage, infected root at right. 
Figure 2. Planting sequence and inoculation process
Figure 3. Gel Electrophoresis Results
Figure 4A. qRT-PCR results are shown with resistant cultivars in red and susceptible cultivars in blue. Error 
bars show standard error. The exact value for accumulated transcripts is displayed at the top of each bar. 
Figure 4B. NanoDrop spectrophotometry results are shown for the Susceptible Cultivar 061 from the first 
replicate of infected root tissue. A 260/280 value of 2.00 indicates perfect sample purity. 
Figure 5. SDS resistance can be thought of as a spectrum: few plants appear to be completely resistant or 
susceptible, but lie somewhere in between. 
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